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SUMMARY OF IDEAS AND PERSPECTIVES

The Meeting on Pharmaceuticals in the Environment, organized by a cross-Agency planning group within
the U.S. Environmental Protection Agency (EPA), was the first meeting to bring together the many div-
erse stakeholders and federal agencies that have a role in minimizing the occurrence of pharmaceuticals
and personal care products (PPCPs) in waste streams, as well as those scientists who are evaluating the
occurrence, fate, and effects of these compounds in the environment. All participants seemed very
appreciative of the opportunity to talk across communities and hear the perspectives and issues from
others' points of view. Some highlights from the meeting discussions include the following items:

e Many participants expressed the perspective that the information to date does not indicate an impact
to human health. Clear evidence that PPCPs are in the environment and, in some cases, may be
ubiquitous coupled with findings of reproductive effects to aquatic life, indicate a need for further
research.

e Additional research is needed on the fate and effects of pharmaceuticals and their transformation
products at levels detected in the environment.

e It was proposed that the federal government assist in targeting future research efforts toward areas of
greatest risk by developing a priority list of PPCPs that occur and most likely are to have human
health or ecological effects.

e It also was suggested that existing detection methods be validated and additional method development
research be conducted (i.e., methods that can detect multiple PPCPs in different media types, such as
sediments and water, including sample preparation and concentration approaches).

There is much interest and activity in proper drug disposal so that unused pharmaceuticals do not enter
the solid waste or wastewater streams. Unused pharmaceuticals are those that currently are disposed of
because they are past their expiration date or no longer needed.

It was observed that federal involvement from many agencies might be needed to facilitate these efforts.
Those federal agencies that could become involved include: EPA, the Centers for Disease Control and
Prevention (CDC), the Drug Enforcement Administration (DEA), the U.S. Food and Drug Administration
(FDA), the National Institute of Environmental Health Sciences, the National Oceanic and Atmospheric
Administration (NOAA), the U.S. Geological Survey (USGS), and the U.S. Department of Agriculture
(USDA).
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It also was recognized that there is a large stakeholder community that could contribute to these efforts.
Among these are the healthcare community, medical societies, the medical insurance industry, the
veterinary profession, pharmaceutical manufacturers, pharmacies, approved pharmaceutical “reverse dist-
ributors”, state and local governments, and wastewater treatment plant (WWTP) operators.

There was discussion of the interest of local and state governments to conduct take-back programs in an
attempt to reduce pharmaceutical waste. Some participants proposed that efforts be made to remove bar-
riers to these types of programs and encourage this pollution prevention approach.

Meeting participants posed the question of if there is a need for a new approach to address the issue of
emerging contaminants such as PPCPs. It was proposed that such an approach could focus on collab-
oration with stakeholders to understand the issue and find the best solutions.

INTRODUCTION AND OVERVIEW

The EPA Meeting on Pharmaceuticals in the Environment was held on August 23-25, 2005, in Las Vegas,
Nevada. The workshop brought together researchers from academia, private industry, regulatory agencies,
and government to discuss ongoing research on pharmaceuticals in the environment. The workshop also
served as a stimulus for increased collaborations among the various researchers and agencies and resulted
in improved knowledge of pharmaceuticals in the environment. Approximately 160 individuals attended.

Welcome and Introductory Remarks
Christian Daughton, U.S. EPA

Dr. Daughton welcomed participants to the meeting and explained that there were two distinct but
interrelated objectives of the meeting: (1) provide a forum for the National Center for Environmental
Research’s (NCER) Science To Achieve Results (STAR) extramural grant program grantees to present
their results on PPCPs; and (2) focus on environmental stewardship for pharmaceuticals. This topic had
never been discussed at a public meeting in a concerted fashion, and the meeting brought together a broad
audience of scientists, engineers, health care professionals, and regulatory and enforcement professionals.
The attendees were employed by a variety of organizations, including federal, state, and local agencies;
public utilities; universities; consulting firms; private laboratories; pharmaceutical manufacturers; and
health care and medical facilities. He gave an overview of the format and rules of the meeting, thanked
the planning committee, and introduced Angela Page of EPA as the next speaker.

Overview of the Office of Research and Development and Science To Achieve Results Program
Angela Page, U.S. EPA

Ms. Page welcomed participants to the meeting and thanked the STAR grantees for agreeing to share their
results in this forum. She explained that the Office of Research and Development (ORD) is tasked with
providing credible, relevant, and timely research results and technical support to inform EPA policy de-
cisions. ORD is organized into 3 national laboratories, 4 national centers, and 2 offices located in 14
facilities around the country and in Washington, DC, and employs more than 1,950 personnel. In 2002,
ORD established the National Homeland Security Research Center and established the National Center
for Computational Toxicology in 2004. In line with the National Academy of Sciences’ risk assessment
and risk management paradigm, the three national laboratories focus on exposure research in the
following high-priority research areas: human health, particulate matter, drinking water, clean water,
global change, endocrine disruptors, ecological risk, pollution prevention, and homeland security.

NCER, ORD’s extramural research arm, was established in 1995 as part of the ORD reorganization.
NCER, through its STAR grants program, awards competitive grants to leading researchers from the ac-
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ademic and nonprofit communities. NCER awards small contracts to for-profit organizations under the
Small Business Innovation Research Program. In addition, NCER also establishes both STAR and non-
STAR research centers, such as the Hazardous Substance Research Centers. Using the ORD Strategic
Plan, national environmental research needs, relevance to Agency mission, and research conducted in
ORD’s intramural program, ORD cooperates with other EPA offices, including Regional Offices, to
select topics for STAR solicitations. Each year, approximately 2,000 to 2,500 grant applications are
received in response to 20 to 25 requests for applications; 100 to 175 research grants and 125 to 150 fel-
lowships are awarded annually.

NCER’s Drinking Water Program began in 1996 with funding levels between $2.5 and $5 million per
year. Over the course of the Drinking Water Research Program, research has been funded to investigate
exposure and health impacts of microorganisms such as Cryptosporidium; exposure and risk from dis-
infection byproducts; effects and occurrence of chemicals on or anticipated to be included on the
Contaminant Candidate List (CCL), including PPCPs; and epidemiological studies to study microbial
risk. NCER activities are communicated via online access and resources, publications, progress review
workshops and proceedings, scientific conferences, and the NCER Web Site at http://www.epa.gov/ncer.

Overview Presentation From the U.S. EPA’s Office of Water
Octavia Conerly, U.S. EPA

The Health and Ecological Criteria Division of EPA’s Office of Water (OW) provides the science behind
EPA regulations for water. EPA’s enabling legislation can be a very diverse set of laws, not always
consistent with one another, that often require science-based decisions (e.g., the Safe Drinking Water Act
[SDWA] of 1996 requires EPA to use the best publicly available, peer-reviewed science) and dictate how
EPA does business. The major legislative authorities for water include the SDWA, the Clean Water Act
(CWA) of 1977; and the Food Quality Protection Act (FQPA) of 1996, which provides a safety standard
for all pesticides used on food.

EPA does not have a specific program targeting the regulation of PPCPs. Therefore, regulatory deter-
minations for PPCPs are currently handled under one of EPA’s existing programs. One such program is
the Contaminant Candidate List(ing) (CCL) process. Under the SDWA, OW is mandated to set maximum
levels for contaminants in water delivered to users of public water systems with an emphasis on the best
available peer-reviewed science and the protection of sensitive populations. EPA is required to regulate at
least five contaminants every 5 years via the CCL.

Under the SDWA, for a contaminant to be regulated, three criteria must be met. The three criteria are: (1)
The contaminant must adversely affect public health. (2) The contaminant must be known to occur or
likely to occur in public water systems with a frequency and at levels posing a threat to public health. (3)
There must be present a meaningful opportunity for health risk reduction if regulation occurs. Every 6
years, EPA reviews existing National Primary Drinking Water Standards for drinking water contaminants.
Currently, there are no existing regulations for specific PPCPs. Some PPCPs, however, are pesticides
(e.g., nonylphenol) or endocrine disruptors. In such cases, these compounds may be regulated within
these specific programs.

Presently, there are significant data gaps (e.g., analytical methods, health effects data, national occurrence
data) for PPCPs that limit their ability to be regulated at this time. Another limitation is the fact that under
SDWA and CWA, OW cannot request toxicological data from manufacturers or industry.

The CWA allows EPA to set water quality criteria and standards, as well as technology-based standards
for ambient waters to protect and restore U.S. waters. States and tribes set their own water quality
standards with EPA guidance. If the proposed standards are not as protective and/or as scientifically
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sound as EPA’s criteria, EPA may reject them. EPA publishes national chemical and biological water
quality criteria based on risk assessments, allowing states to designate appropriate use for their water
bodies. With the exception of nonylphenol (used as a pesticide and a surfactant), the Agency has not yet
developed criteria for PPCPs as toxics but could if adequate supporting data are available.

Other CWA approaches that could help control the levels of PPCPs in ambient waters include the Effluent
Guidelines program for the regulation of point sources (e.g., the pharmaceutical manufacturing industry
and the aquaculture industry), the Combined Animal Feeding Operations (CAFO) Rule, and the Fish
Advisory Program. In general, effluent guidelines are national standards for wastewater discharges to
surface waters and publicly owned treatment works (POTW), such as municipal sewage treatment plants
(STPs). The guidelines are based on the performance of treatment and control technologies and not on
risk or impacts upon receiving waters. The Effluent Guidelines for the Pharmaceutical Manufacturing
Industry Rule regulates the discharge of pollutants related to the manufacture of pharmaceuticals into
navigable waters of the United States and into waste water treatment plants (WWTP) by pharmaceutical
manufacturing facilities.

In the future, EPA will continue to collaborate with agencies such as the FDA, USGS, CDC, and USDA
to share information that may help in: (1) developing ambient water quality standards and criteria; (2)
developing drinking water regulations; (3) assessing increasing antibiotic resistance; (4) developing
effluent guidelines; and to share technology related to the development of analytical methods and
treatment technologies. Additionally, internal collaboration of EPA’s Program Offices and Regions in the
future is important to: (1) develop and validate analytical methods for detection and quantification of
PPCPs; (2) determine additional research needs; and (3) develop guidance on how to move forward until
risk assessments for these types of contaminants are available.

The EPA Regional Perspective—Why Pharmaceuticals in the Environment
Are an Emerging Science Issue to EPA’s Regions
Bobbye (Barbara M.) Smith, U.S. EPA

Following the EPA National Regional Science Council identification of PPCPs as a science need on
which EPA should focus, a cross-Regional team on PPCPs was formed. The Regions identified examples
where research was currently underway to investigate PPCPs.

Region 1 (New England) has developed a high performance liquid chromatography/tandem mass
spectrometry (HPLC/MS/MS) method for steroid hormones and other endocrine disrupting chemicals
(EDCs) in water within the context of a study of 40 WWTPs in Connecticut, Maine, and Vermont. The
Region also has awarded a grant to the Northeast Recycling Center to evaluate approaches to dispose of
used consumer drugs and a grant to Hospitals for a Healthy Environment to address hospital pharm-
aceutical waste.

Region 3 (Mid-Atlantic) is working with the State of Virginia to identify the potential causes of intersex
fish found in the south branch of the Potomac River. Scientists are using vitellogenin (VTG), a protein
normally only expressed in egg-laying females, gene expression assays to assess the presence of
estrogenic EDCs. The presence of VTG gene expression in the livers of males and juvenile fish indicates
that the organism has been exposed to estrogenic EDCs. Region 3, concerned about antimicrobial
veterinary pharmaceuticals and their effects on antibiotic resistance in environmental bacteria, is
supporting an ORD project to investigate the environmental consequences of the use of veterinary
antimicrobials.

Region 5 (Great Lakes) is developing analytical methods for surfactants, specifically alkyl and nonyl
phenols and their ethoxylates, in collaboration with ORD. The Region is developing data that will support
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the water quality criteria for some Great Lakes states. Additionally, the Region is working with ORD to
correlate chronic toxicity values using classic toxicity bioassays, to the new generation of gene expression
assays, so that gene expression can be linked to whole organism toxicity. EPA, USDA, USGS, and the
Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) are collaborating on a project
to characterize the levels of a number of persistent, bioaccumulative, or toxic substances in aqueous and
sludge samples throughout the Calumet Water Reclamation Plant. This study is funded through ORD’s
Regionally Applied Research Effort program. The study’s objectives also include establishing a collab-
orative partnership among EPA, USDA, USGS, and MWRDGC and enhancing the analytical capabilities
of participating laboratories. The study will initially focus on mercury, polychlorinated biphenyls (PCBs),
polybrominated diphenyl ethers, alkylphenol ethoxylates (APEOs), PPCPs, and hormones. To date, two
intensive sampling events have taken place at the Calumet plant in March and August 2005. Sampling at
the Calumet plant will continue in late 2005 or early 2006.

Region 8 (Mountains and Plains) is funding a study of the relationship between WWTP effluent and the
effects of EDCs on the native fish population. In addition to histology studies that have shown visual
evidence of reproductive disruption in native white suckers, sites downstream of certain WWTPs
displayed a sex ratio skewed toward females that would not be expected in a natural population.
Additionally, intersex fish were found only downstream from the sampled WWTPs. As a result of this
research, a multi-agency, multi-state, multi-stakeholder program entitled the Consortium for Research and
Education on Emerging Contaminants has been formed and will hold a workshop in the near future.
Anyone interested in participating should contact Patti Tyler, the Region 8 Regional Science Liaison.

Region 9 (Pacific Southwest) has been active in describing EPA’s EDC and PPCP research agendas to
multiple stakeholder groups for several years. In addition to training Region, state, and tribal personnel on
gene expression EDC exposure assays, the Region is currently participating in a technology transfer of
gene expression exposure tools to the State of California. Further, dischargers in Region 9 took part in an
ORD-sponsored VTG gene expression study of 50 WWTP effluents across the United States to explore
the efficacy of the new generation of gene expression exposure assays.

Region 10 (Pacific Northwest) is increasingly involved in assessing and dealing with impacts of rapidly
expanding large-scale agricultural CAFO facilities, especially in southern Idaho and rural areas of
Washington and Oregon. Detectable ground water contaminants traceable to such CAFOs include
estradiol and sulfa drugs administered as veterinary pharmaceuticals. Aquaculture and mariculture also
are very important to Region 10. Medications and other chemicals used in such finfish and shellfish
culturing facilities are becoming a public perception issue regarding pollution of water, as well as the
food products. The large cruise ship industry has enjoyed extremely rapid growth in Region 10. At the
request of the State of Alaska, Region 10 took part in a recent scientific assessment of cruise ship wastes
in Alaska waters, which ultimately recommended that PPCPs be considered as potentially significant
emerging contaminants of concern to marine receiving waters. The Regional Laboratory also is
developing the capacity to perform gene expression assays (e.g., for VTG).

The Regions need the science to answer the following questions: (1) Is there evidence of harm to human
health or the environment at PPCPs levels that are detectable? (2) What are the sources of PPCPs in the
environment? (3) Can PPCP sources be controlled or reduced? (4) What are the most important PPCPs to
monitor? (5) What existing analytical methods should be used? (6) What is known about PPCP fate and
transport? (7) Are there valid exposure and/or effects tests? To answer these questions, Regions need
methods to measure biological exposures and effects as well as analyze chemicals. Additionally, the
science of PPCP modes of action, pathways, and fate and transport needs to be explored. The links
between new tools and human health and environmental outcomes need to be developed.
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Overview of Science Involved With Pharmaceuticals: A Perspective From the U.S. EPA
Christian Daughton, U.S. EPA

PPCPs were first investigated as environmental pollutants in a concerted effort in Europe in the 1980s. It
is important to note that PPCPs are not truly “emerging” pollutants; it is the understanding of the
significance of their occurrence in the environment that is beginning to develop. The overall issue
comprises numerous facets that involve the expertise of a broad spectrum of disciplines ranging from
human health to ecology. There are thousands of distinct chemical entities with numerous (and
increasing) therapeutic classes and end uses, a large number of which possess very high biological
activity. Two classes of therapeutics that have received the most attention are the antibiotics, with the
potential for resistance selection among pathogens, and steroidal hormones, which overlap with EDCs.
For the plethora of other classes, however, little is known regarding the potential for effects. In general,
PPCPs are not regulated water pollutants, and the few pollutants that are regulated are just a fraction of
the chemical stressors to which organisms can be exposed on a continual basis.

Although most pollutants are not new to the environment, two major sources for pollutants are new: (1)
chemicals newly introduced to commerce (e.g., new medications or pesticides); and (2) new
anthropogenic processes (e.g., gallium arsenide quantum dots). Previously unrecognized pollutants can be
brought to the attention of researchers as a result of new advances in chemical analysis (e.g., “nontarget”
identification), the increased ability to detect existing pollutants at ever-lower concentrations, and the
exploration of environmental areas not previously considered (e.g., foods as a significant source of
acrylamide). There is no reason to believe that PPCPs have not existed in the environment for as long as
they have been used commercially. Additionally, conventional priority pollutants (e.g., highly halogen-
ated organics such as DDT and PCBs) are only a small part of the potential risk to the environment and
living organisms. Less than 3 percent of commercially available substances and less than 1 percent of the
known universe of 26 million chemicals currently are regulated or inventoried worldwide. Additionally,
the number of chemicals that potentially can be synthesized from known chemicals is virtually limitless.
Only compounds targeted for monitoring have the potential for being identified and quantified, and those
compounds not targeted will elude detection. The spectrum of pollutants identified in a sample represent
only a portion of those present, and they are of unknown overall risk significance.

Environmental exposure to PPCPs occurs as a result of excretion of the parent chemicals, their
metabolites, or transformation products; disposal of expired or unwanted PPCPs into toilets, drains, and
trash; leaching from municipal landfills; CAFO runoff; agriculture spraydrift; direct discharge of raw
sewage; and transgenic production of proteinaceous therapeutics by genetically altered plants. The portion
of PPCPs in the environment originating from disposal versus excretion, however, is not known. There
are many ramifications to the presence of PPCPs in the environment: (1) Exposure to nontarget organisms
could be significant. (2) Continual input via treated sewage allows PPCPs to be persistent despite short
half-lives. (3) Aguatic organisms can suffer continual exposure. (4) The potential exists for subtle effects
(e.g., neurobehavioral change) at even ppb levels (ug/L). (5) The potential exists for inhibition of aquatic
defensive mechanisms (e.g., efflux pumps). (6) There is a great challenge in identifying the many un-
knowns associated with effects from simultaneous exposure to low-levels of multiple chemical stressors
over long periods of time. (7) The potential for additive (i.e., cumulative) and interactive (i.e., synergistic)
effects from multiple exposure exists. Additionally, the toxicity of complex environmental mixtures poses
major unanswered questions.

Bioconcentration of PPCPs is a possible new paradigm. Although their higher polarity would seem to
preclude bioconcentration for most PPCPs, certain medications, despite their low lipid solubilities, are
being detected in aquatic tissues in concentrations enriched from those in the ambient water. This is
perhaps partly a result of drugs being designed to take advantage of gaining intracellular access via active
transport. Understanding the subtle effects of PPCPs on organisms is an important aspect of investigation.
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Two important questions to consider are: (1) Could immediate biological actions on nontarget species be
imperceptible but nonetheless lead to adverse impacts as a result of continual accretion over long periods
of time? (2) Could subtle effects accumulate so slowly (perhaps seeming to be part of natural variation)
that major outward change cannot be ascribed to the original cause? Effects that are sufficiently subtle
that they are undetectable or unnoticed present a challenge to risk assessment; therefore, advances in
developing and implementing new aquatic toxicity tests that can detect such changes are required.

Although there are growing pressures to reuse wastewaters for drinking, there are increasingly smaller
recycle loops, and the ever-shortening spatial and temporal hydraulic connectivity between point of
wastewater discharge and point of use for drinking will pose serious challenges for ensuring human safety
and for framing how risk is perceived by the consumer. Negative images in the consumer’s mind cannot
necessarily be erased or corrected by more or even better science; studies show that additional supportive
data often serve to exacerbate preconceived negative images. Effective communication between scientists
and the public is another important factor in managing the challenge of pharmaceuticals in the envi-
ronment.

FATE, EFFECTS, AND OCCURRENCE OF PHARMACEUTICALS IN THE ENVIRONMENT
Session A

Moderator: Angela Page, U.S. EPA

Occurrence, Environmental Fate, and Exposure Assessment of Selective Serotonin Reuptake
Inhibitors (SSRIs) in Aquatic Environments
Kevin Armbrust, Office of the State Chemist, Mississippi State Chemical Laboratory

The Mississippi State Chemical Laboratory’s research plan is to determine the environmental fate of
pharmaceuticals via experiments similar to those required for pesticide registration (e.g., hydrolysis, pho-
tolysis, aquatic metabolism, etc.), measure parent and major degradation product occurrence in
wastewater effluent and downstream receiving water, and determine acute and chronic impacts to
Ceriodaphnia and reproductive impacts to Gambusia in cooperation with scientists at the University of
Georgia. The laboratory chose to focus on the five most commonly prescribed SSRIs: fluoxetine,
sertraline, fluvoxamine, paroxetine, and citalopram. Sertraline is the most heavily prescribed and at the
highest dose. The factors the laboratory investigated were solubility in water, the octanol-water partition
coefficient, negative logarithm of the acid dissociation constant (pK,), and hydroxyl radical rate constant;
data support the assumption that volatility is negligible. The degradation experiments included hydrolysis
(rate and products measured), aqueous photolysis (rate, quantum yield, and products measured), and
ready biodegradability (rate and products measured). Additionally, simulated sunlight was added to the
experiments because sunlight is important to degradation, especially in shallow water environments.

The results of the experiments indicated that all compounds, with the exception of paroxetine, were stable
under all conditions. The common trend for all medications was to rapidly partition into sediment and
stay persistent in the sediment for 30 days. Sertraline binds more strongly to soil than the other SSRIs
tested, paroxetine was most reactive to the hydroxyl radical, and citalopram was the most interesting from
a degradation standpoint. The general trend of the environmental fate of all SSRIs tested indicated that
they strongly adsorb to soil and sediment, are hydrolytically stable, and are relatively persistent; the
exception is paroxetine. Exposure assessment models, therefore, would be driven by sorption and stability
for persistent SSRIs. Additionally, the laboratory monitored influent, effluent, and upstream and
downstream water and sediment of the Columbus Wastewater Treatment Plant in Columbus, Mississippi,
using LC/MS/MS analysis. Citalopram, fluoxetine, and sertraline were detected in all samples in various
concentrations at various time points over the course of several months. Norfluoxetine was detected in
one influent sample. The next steps for the laboratory are to complete pK, measurements, assess exposure
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based on physical and chemical properties and degradability, analyze sediments, and validate methods for
fish and mussel tissue.

Occurrence and Fate of Antibiotics and Other Pharmaceutically Active Compounds
During Transport to and During Drinking Water Treatment
Howard Weinberg, University of North Carolina

Chlorination is a common treatment process for drinking water disinfection in the United States. The
chlorine residual that is maintained throughout the distribution system, however, can react with organic
contaminants in the water. Hence, if the concentrations of the contaminants in drinking water are
required, the residual must be quenched at the time of sample collection. This laboratory has developed
quality-controlled analytical methods for antibiotics in source and finished drinking waters that enable the
detection of concentrations as low as 20 ng/L. The laboratory is monitoring three drinking water treatment
plants downstream of CAFO and municipal WWTP discharges. There are low levels of antibiotics found
in the source water for all sites, and some antibiotics are persistent throughout the drinking water process.
At a fourth drinking water plant, different types of filtration were analyzed and compared. Sand filtration
has almost no effect in reducing the concentration of antibiotics, whereas granular activated carbon
(GAC) filtration showed a significant reduction for some antibiotics but not all of them. Antibiotics were
present in the finished water even after chlorination. A fifth treatment plant included two chlorination
steps in its process. After the first chlorination, there was no change in the trimethoprim concentration.
Erythromycin disappears completely before the second chlorination step. In addition, the fate of
antibiotics as they move from WWTP discharges downstream is being evaluated through a simulated
transport and photolysis reactor. The laboratory’s reactor design includes a photolytic cell that converts
some of the molecules into photodegradative products, some proportion of which is found in the
sediment. By analyzing both the aqueous phase and sediments, the laboratory is able to perform a
complete mass balance on the fate of the original antibiotics in this simulated environment.

Given that antibiotics appear to persist into some drinking waters, the use of more advanced treatment to
effect their remediation is being explored. This includes the use of ultraviolet (UV) photolysis at different
intensities and also the additive use of hydrogen peroxide to achieve a hydroxyl radical-initiated oxidation
process. The rates of reaction determined under controlled conditions are pH dependent, as might be
expected from the multiple pK, values of some of the pharmaceutically active compounds. The
establishment of rate constant curves for different pharmaceutical products may make it possible to adjust
the treatment process to control, manage, and/or degrade these compounds.

In summary, in spite of photodegradation and sediment transfer, antibiotics are reaching drinking water
plants. Whereas GAC filtration is quite an effective measure for reducing the levels of these and other
active constituents during the treatment process, medium pressure UV, the most commonly employed
mode of photolysis used for some remediative processes, is only partially effective in reducing the levels
of the source compounds. Subsequent chlorination in the treatment process produces some chlorination
byproducts that persist at low concentrations in tap water. Because of the presence of antibiotics in the
receiving streams from WWTPs, the laboratory also is investigating if, in addition to their persistence in
downstream surface waters, the antibiotics may be contributing to antibiotic resistance in microbial
organisms, particularly if they are found to concentrate in the sediment phase.

Occurrence and Fate of High Volume Pharmaceuticals in Wastewater Impacted Environments
Mark Benotti, State University of New York at Stony Brook

The objectives of this research project are to: (1) develop LC coupled with time-of-flight (ToF) MS
methodology for the analysis of pharmaceuticals in wastewater-impacted environments; (2) determine
occurrence of selected pharmaceutically active compounds (PhACs) in Long Island groundwater; (3)
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elucidate processes governing compound mobility (e.g., sorption or degradation); (4) compare PhAC
occurrence and fate between estuarine surface water and groundwater; and (5) determine which com-
pounds make the best wastewater tracers in either environment. LC-ToF-MS technology has been applied
to investigate: PhACs in groundwater, estuarine surface water, and effluent; estrogens and APEOs in
water and sediments; the removal of emerging contaminants during reverse osmosis wastewater
treatment; and polyethoxylated homologous series of surfactants and surfactant metabolites.

In the groundwater component of this project, two sets of Long Island groundwater wells were sampled
and analyzed for PhACs. The first set was comprised of 52 wells with an average depth of 250 feet.
Single samples analyzed from these wells and concentrations were generally lower than median
concentrations of similar compounds reported in the USGS National Reconnaissance Survey of U.S.
streams and rivers. The notable exception to this was fluoxetine, which is found in a higher concentration
in groundwater in Long Island as compared to the national median. The second set was comprised of 20
wells with an average depth of 66 feet and 5 wastewater effluents. These wells and effluents were
sampled in triplicate and analyzed for the same PhACs. In this shallower group of wells, the mean
concentrations of the battery of PhACs also were lower than the USGS National Reconnaissance results,
whereas concentrations in STP effluent were higher. When comparing the first and second set of wells,
the median concentration of each PhAC was slightly lower in the deep wells and roughly an order of
magnitude lower than the USGS National Reconnaissance results.

Looking at the transport of PhACs through a well-defined well-field at a nursing home with an on-site
wastewater treatment plant and comparing observed occurrences to laboratory sorption studies, it was
found that: compounds that moved well with groundwater are not strongly adsorbed; compounds
exhibiting the best mobility through the well-field have low adsorption coefficients (Kps); PhACs that do
not move well with groundwater are either strongly adsorbed or degraded; and some negligibly trans-
ported compounds have high Kps (suggesting adsorption) and some have low Kps (suggesting microbial
degradation). In Long Island groundwater, sulfamethoxazole and carbamazepine likely make the best
molecular tracers of wastewater, as they are ubiquitous throughout the two sets of wells, migrate well
through the nursing home well-field, and do not strongly adsorb to aquifer material.

A parallel project investigated several sampling sites in New York’s Jamaica Bay, an estuary where
wastewater is the primary source of freshwater during dry conditions. Simple mixing curves show that for
compounds with little removal, PhAC concentrations throughout the bay can 